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Abstract
This paper contains a problem that has been studied a lot in the household panel survey,
that is, the contents of how to give initial weights to non-sample household members when they
enter the sample household. In order to assign an initial weight to an object, information on its
sampling probability is required, but it is difficult to obtain the first wave information for nonsampled household members. So, as a solution to this, the shared weights method and modeling
method were studied and applied to the actual major household panel surveys. However, the data
used in this paper is a panel data based on the register census created using administrative. In the
case of panel based on administrative data, information necessary for calculating the sampling
probability of non-sample household members can be grasped through the linking of
administrative data, and the sampling probability of the current household can be calculated simply
even after the wave has progressed. The actual numerical results also show that the estimation
accuracy is greatly improved.

Acknowledgements
First of all, I would like to express my deepest gratitude to my advisor instructor, Dr. Butler,
for his valuable and sharp comments. Furthermore, I would like to thank all my co-workers in the
census division and sampling division who accepted my idea and collaborated. Finally, thanks
again to Ronald Zimmer and Michael Childress for their great help in organizing the overall format
and content of my paper, and to Suzy Wampler for administrative assistance.

2

1. Introduction
A panel survey is a method of data collection that conducts two or more surveys on the
same respondent at different times. Unlike cross-sectional surveys, due to the characteristics of
repeated measurements of the same subject, it is very useful in that it can analyze the change of
the dependent variable under the condition in which fixed characteristics of respondents are
controlled. In this regard, household panel surveys have been an important source of socioeconomic microdata, and major advanced countries have operated such household panels. The
PSID (Panel Study of Income Dynamics) in the US was the first large, continuing panel. The
SOEP (Socio-Economic Panel) in Germany, the BHPS (British Household Panel Survey) in UK,
the SLID (Survey of Labor and Income Dynamics) in Canada, the HILDA (The Household,
Income and Labor Dynamics) in Australia, and the EU-SILC (European Union Statistics on
Income and Living Conditions) are representative panel surveys.
In South Korea, many panel surveys have been conducted, starting with the KLIPS
(Korean Labor and Income Panel Study) in 1998, in response to the needs for panel data.
Recently, as the Population and Housing Census adopted the register-based census method from
2015, it became possible to publish comparable and complete items every year. In addition, in
order to increase the usability of the census data, the 2% Korean Population Census Longitudinal
Data (KPCLD) based on the register census that I will use in this report on a trial basis.
In general, in producing panel data, various sorts of weights are provided together for
cross-sectional and longitudinal data, and for various time points and periods. Among them,
when non-sample household members (NSM) newly enter panel households, questions arise
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about how to assign initial weights to them. The topic has been studied a lot in theory and
practice. The reason is that, due to the characteristics of the panel survey, changes in households
and household members occur all the time. But the problem is that, in most cases, the sampling
probability of these new entrants is unknown, so it is necessary to separately consider an
appropriate weighting method. The same studies were conducted in the major panel surveys
mentioned above, and it can be divided into two approaches: the shared weights method and the
modeling method. In fact, these two methodologies have contributed greatly both theoretically
and practically in the field of panel survey, and they were reviewed to consider application to the
KPCLD. However, the KPCLD is fundamentally different from the existing survey-based panel
data in that it is processed from various administrative data. In other words, it is possible to track
and manage the histories of all households and individuals every year by using the unique key
for individuals and households. So, it is a situation in which information necessary to calculate
the sampling probability of NSM can be known.
Therefore, the new method is applied here to calculate the sampling probabilities of
NSM and weight them, and the existing approximate weighting methods are compared with each
other in terms of the precision of estimation. Section 2 introduces the theoretical and practical
research results on how to handle weights for non-sample household members when making
cross-sectional weights in the panel survey, and Section 3 explains the KPCLD and the process
of directly calculating the sampling probability of NSM will be described. And in Section 4, the
direct calculation method and the shared weights method are compared in terms of the precision
of estimation.
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2. Cross-sectional weighting in panel surveys
In a panel survey, changes in households and household members occur after the first
wave. Due to marriage, persons moving in, birth and adoption, new entrants may enter the panel
household, and some leave the household for reasons such as death or emigration. That may
change the household itself, through splits and mergers. In this way, in panel surveys, changes in
household members occur frequently, so the level of follow-up survey is called the follow-up
rule, which affects the character of the panel. Lynn (2009) described forms of that rule, from an
initial population model that continued to survey only the samples from which the panel model
was first selected, to an infinite contamination model that continued to survey all individuals
who came into contact with the original samples. Tracking more contacts is a great help in
maintaining sample representativeness, but it also adds to the cost and managerial challenges.
Most panel surveys consider birth and adoption as original sample members and continue
follow-up, but have various follow-up rules for immigrants, spouses and cohabitants depending
on the nature and purpose of the survey. However, with the exception of the initial population
model, it is common that NSM living in the original sample households at the current wave are
subjects included in cross-sectional surveys at the current wave.
In general, cross-sectional weights are created through the process of initial weight
(design weight) using sampling probability, non-response adjustment, and post-stratification.
However, in the panel survey, there is a problem in how to assign initial weights to household
members who entered the panel household after the first wave. If a weight of 0 is simply
assigned, data on them becomes unavailable and information loss occurs. Conversely, if the
weight of the household or the weight of the original sample household member (OSM) in the
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household is given as it is, overestimation of the household occurs. In Figure 1 below, the h1
household were selected as the original sample at wave 1, and the h2 household represent
households that existed in the population but were not selected. Under the assumption that there
is no change in the population between the two time points, if a member of h2 enters h1 at wave t
after time elapses, if the household weight or the individual weight of 100 is given to the NSM as
it is, the total individual weights is 300, which is an overestimation of 200. On the other hand, if
the new entrant household member did not exist in the population at wave 1 (immigration, etc.),
this pattern indicates a pure increase in the population, and it is reasonable to assign the weight
of the existing household or household member to the NSM as it is. However, the problem is
that, in operating the panel, it is difficult to fully understand whether a NSM existed in the
population at the time of wave 1, so it is generally considered to be a problem of overestimation.
Therefore, it is necessary to appropriately reduce the weights for them.
Figure 1: Common type of household changes

Changes in households and household members in the panel have various reasons and
types, such as splits, mergers, birth and adoption, and immigration, etc. However, in the end, it
can be viewed as a matter of whether or not the entry of NSM occurred and whether or not the
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NSM existed in the initial population at the time of wave 1. In the case of the merger of original
sample households, household changes occur even without new NSM, and birth, adoption, and
immigration represent new groups that did not exist in the population at the time of wave 1, so
they represent changes in the population. Therefore, in the following, I would like to focus on the
information on whether or not the NSM existed in the initial population in the situation where the
entry of NSM occurred regardless of the various types of changes.

Theory of weighting
The sampling design of a general household panel survey uses a stratified multi-stage
sampling method. It is a method of selecting clusters within each strata and then selecting sample
households from the selected clusters. It selects suitable household members from the selected
households or surveys all household members. Therefore, weights for individuals can be
calculated based on household weights. At wave 1, the initial weight of the household can be
given as a design weight, which is the inverse of the sampling probability. Similarly, the initial
weights of households at wave t may also be made in the same way. The 𝐻𝐻𝑖𝑖 household at wave t
consists of several household members, and the household members may have belonged to

different households at the time of wave 1. If constituent households are defined as households in
wave 1 (ℎ1 , ℎ2 , ⋯ , ℎ𝐿𝐿 ) that constitute new household 𝐻𝐻𝑖𝑖 in wave t, the probability that 𝐻𝐻𝑖𝑖 is

selected at wave t means the probability that one or more constituent households are selected at
wave 1.
𝑝𝑝(𝐻𝐻𝑖𝑖 ) = 𝑝𝑝(ℎ1 ∪ ℎ2 ∪ ℎ3 ∪ ⋯ ∪ ℎ𝐿𝐿 ) = 1 − (1 − 𝑝𝑝1 )(1 − 𝑝𝑝2 ) ⋯ (1 − 𝑝𝑝𝐿𝐿 ) ----------- (1)

In practice, at most, the household 𝐻𝐻𝑖𝑖 will most likely have 2-3 constituent households.
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And the above equation (1) assumes independence among constituent households, the
assumption is reasonable. However, the problem is that the sampling probability of the original
sample households sampled in wave 1 is known, but the sampling probability of the constituent
households other than the original sample household is not known. As a solution to this, the
shared weights method and the modeling method are mainly used.

Two methods
The shared weights method:
The shared weights method adopts a strategy of creating an initial weight using only the
sampling probability information of individuals in the original sample household. In other words,
the weights are shared with new entrants while keeping the sum of the weights of individuals in
the household constant. There are two approaches in this method. Since the equal household
weighting scheme uses the number of wave 1 constituent households of individuals belonging to
the current household, the first wave information on the household composition of the current
household is required. On the other hand, the equal person weighting scheme uses information
on the number of household members that existed in the initial population at the time of wave 1
among individuals composing the current household, and is a more practical approach because it
is easy to apply. This approach basically assigns the same weight to the sample household
members regardless of whether they are members of the original sample household or not. The
former is a method of applying the average weight that the household weight of the OSM
belonging to the current household divided by the number of constituent households, to all
current household members. The latter is a method of applying the average weight obtained by
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dividing the weights sum of the original sample household member belonging to the current
household by the number of household members who existed in the first wave to all current
household members. The shared weights method will be discussed in more detail as it will be
compared with the methodology newly applied below. In addition, since it is difficult to obtain
information about the first wave household components in reality in the equal household
weighting scheme, the equal person weighting scheme is more practical.
As shown in Figure 2, the current sample household 𝐻𝐻𝑖𝑖 is composed of a1 and a2 of the

original sample household h1, and b1 and b2 of the non-sample household at the first wave, and

it is assumed that the sampling probability of household h1 is 1/100. When all eligible household
members in the household are surveyed, the individual weight is the same as the household
weight, so a1 and a2 each have a weight of 100. The shared weight method maintains the sum of
weights of the current OSM and shares weights with non-sample household members that
existed in the initial population. Therefore, a household weight of 50 is calculated by dividing
the sum of weights of 200 of the OSM by 4, the number of all household members present in the
population at wave 1, and all household members have an initial weight of 50.
Figure 2: Example of applying the shared weights method
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The modeling method:
Although the wave 1 sampling probability of new entrants is unknown, it is possible to
estimate it. That is, the modeling method uses the information of the OSM to develop a logit
model with the sampling probability of household at wave 1 as the dependent variable and the
various demographic and socio-economic variables of those at wave t as the independent
variables, and then estimates the wave 1 sampling probability of the non-sample household by
putting the independent variable values of the NSM at wave t into the model. SOEP and HILDA 1
are representative examples of modeling methods. However, since I will present a method of
directly calculating the sampling probability of wave 1 constituent households to which nonsample household members belong through linking with administrative data later, detailed
explanations on this method will be omitted. Given the administrative data, the weights can be
calculated rather than being estimated.

1

Schonlau & Kroh (2010) and Wanton (2012) for more details on the modeling method
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3. A method through linking administrative data
In this chapter, I would like to explain how to directly calculate the sampling probability
of the current household based on the information on the sampling probability of the household
to which the NSM belonged at wave 1 through linking administrative data along with the
structure and content of the panel data.

Data: The KPCLD (Korean Population Census Longitudinal Data)
South Korea tried a revolutionary change in the survey method starting with the 2015
Population and Housing Census as the population census using the traditional survey method
could not afford the rapidly increasing survey costs and non-cooperation due to privacy
awareness. For the complete items, the register based census method was applied, and for the
sampling items, the existing field survey method, which was expanded from 10% to 20%, was
applied. Therefore, the complete items are produced every year, and the sampling items are
produced every five years. As census data are produced every year, the KPCLD (2% longitudinal
data) is established to increase census data usability, and the data is provided in the form of a
panel through linking every year. In the early stages of the register census, the complete items
currently produced are only basic items for population, household, and housing as shown in
Table 1, but various items such as education attainment, economic activity, marital status, etc.
are to be added sequentially, so the use of census data is expected to increase in the future.
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Table 1: The complete items of register based census (2015)
Population

Name, gender, relationship to head of household, nationality, immigration year and month,
residence before 1 year, year of nationality acquisition

Household

Household type

Housing

Type of living quarters, total floor area for residence, site area, construction year

The target population of the KPCLD is the general household as of the 2015 census. The
sample size is 2%, or about 382,000 households. The entire population is stratified with 252
districts (Sigungu) which are administrative divisions similar to counties in the United States.
The total sample size was assigned by the Kish allocation method 2 in the order of Sido and
Sigungu. A Sido is an administrative division similar to a state in the United States. Since about
half of the population is concentrated in the metropolitan area, there is a large difference in the
size of each region, so the sample is stratified by region. Balanced samples were selected for
various variables to meet the objectives of various data users. The auxiliary variables used are
gender, age, number of household members, occupancy type, type of living quarters, and
apartment area. In Korea, since the proportion of apartments is more than 50% and real estate
accounts for a high proportion of assets, the apartment area is a very important variable
representing the socio-economic status of households.

2

A compromised allocation between the proportional allocation and the equal allocation proposed by Kish. The

formula for Kish allocation is below:
1
+ 𝑊𝑊𝑖𝑖2
𝑘𝑘 2
𝑛𝑛𝑖𝑖 = 𝑛𝑛
,
1
∑𝑘𝑘𝑖𝑖=1 � 2 + 𝑊𝑊𝑖𝑖2
𝑘𝑘
�

𝑖𝑖 = 1, 2, 3, ⋯ , 𝑘𝑘

(𝑛𝑛𝑘𝑘 = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑖𝑖𝑖𝑖 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑖𝑖, 𝑛𝑛 = 𝑤𝑤ℎ𝑜𝑜𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠, 𝑘𝑘 = 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)
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Table 2: Sample size by Sido
Sido

Population households
(2015)

Sample size
Sample households
Sampling probability (%)

Seoul
Busan

3,784,490
1,335,900

51,953
22,976

1.37
1.72

Daegu
Incheon
Gwangju
Deajeon
Ulsan
Sejong
Gyeonggi
Gangwon
Chungcheonbuk
Chungcheongnam
Jeollabuk

928,528
1,045,417
567,157
582,504
423,412
75,219
4,384,742
606,117
601,856
796,185
717,311

19,188
20,200
16,569
16,661
15,808
14,826
59,565
16,807
16,779
18,128
17,548

2.07
1.93
2.92
2.86
3.73
19.71
1.36
2.77
2.79
2.28
2.45

Jeollanam
Gyeongsangbuk
Gyeongsangnam
Jeju
Total

720,612
1,062,724
1,258,487
220,369
19,111,030

17,572
20,355
22,208
15,075
382,218

2.44
1.92
1.76
6.84
2.00

Data construction results:
The KPCLD were constructed in the form of a panel using individual linking keys for
households and members of a 2% sample. In the case of 2016 data, the linkage rate was so good
that only 273 out of 953,430 people selected in 2015 were unlinked, and the unlinked data were
supplemented using information such as address, head of household, name, date of birth, and
family relationship. The follow-up rule for the panel made with administrative data is the link
rule, and all households to which the OSM belongs are linked, which corresponds to “the initial
population + cohabitation model” among Lynn’s (2009) model mentioned in Section 2.
Therefore, if a member of the original sample household dies, moves abroad, or changes in
household type to group household or facility household happen, they are excluded at the current
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wave. In addition, when new household members are added to the original sample household
through birth, marriage, or merger, they are included in the survey at the current wave.
The three-year linkage results from 2015 to 2017 are shown in the table 3 below. In the
panel data, compared with 2015, the cross-sectional households increased by about 11.9% and
the population by 13.6% in 2017, while the longitudinal population decreased by about 45,000
from 953,430 to 908,105, showing a retention rate of 95.2%. Longitudinal households are not
analyzed separately because the household concept becomes ambiguous due to the change in
household composition.
Table 3: The KPCLD 3-year construction status (2015 ~ 2017)
Census

Household

2015
(A)

2017
(B)

19,111,030

19,673,875

48,339,559

48,614,907

KPCLD

Difference
(B-A)

Change
(%)

2015
(A)

2017
(B)

Difference
(B-A)

Change
(%)

562,845

2.9

382,218

427,839

45,621

11.9

275,348

0.6

953,430

1,083,501

130,071

13.6

953,430

908,105

-45,325

95.2*

Population
Cross-sectional

Longitudinal
* Longitudinal population change means retention rate.

Calculating initial weights through linking administrative data
The shared weight method and modeling method mentioned above are approximate
estimation methods because direct calculation was difficult due to the lack of necessary
information on the wave 1 sampling probability of NSM. However, since the KPCLD has the
characteristic of being produced based on register using various administrative data, it is possible
to know the sampling probability of all households based on wave 1. In other words, it became
possible to calculate the sampling probability through the administrative district codes and
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household numbers of NSM that existed in the 2015 population. By linking unique household
numbers, it is possible to grasp information on the kinds of current households based on wave 1.
In addition, the KPCLD is simply stratified with only the regional variable of Sigungu, so that
the sampling probability of each constituent household can be known only with the
administrative district code. The census division in Statistics of Korea manages the histories of
all households and household members through unique keys, so this linking work is
straightforward.
For example, at the time of wave t, household 𝐻𝐻𝑖𝑖 consists of the original sample

household member a1 and two non-sample household members a2 and a3. Since the OSM was
only a1, the information in the last three columns was known only for a1 and unknown for a2
and a3. In this case, if the initial weight of this household is estimated using the shared weight
method, the weight of 50, which is the reciprocal of the sampling probability of a1, of 0.02, is
shared by three household members who existed in the wave 1 population, giving a weight of
16.7. However, if the information from the last three columns is drawn for a2 and a3 through
administrative data linkage and the sampling probability of household 𝐻𝐻𝑖𝑖 is calculated directly,
it will have a weight of 3.9. Considering that the difference in sampling rates by region is quite
large, the difference in individual weights varies greatly depending on which method is used.
Table 4: Weights calculation example
Wave t
household
number

Household
member
number

Original
sample
member

Hi

a1

Y

Hi

a2

N

Hi

a3

N

Wave 1
household
number

Wave 1
Strata

Wave 1
sampling
probability

h1

A sigungu

0.02

Transfer

h2

B sigungu

0.05

Transfer

h3

C sigungu

0.20

Entry type
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 Shared weights approach:
 Direct calculation:

50
3

= 16.7
1

[1−(1−0.02)(1−0.05)(1−0.2)]

1

= 0.2552 = 3.9

The advantage of this method is that, regardless of the type of household change, it is
important whether there are new entrants and whether they existed in the wave 1 population. The
first example (a) of figure 3 below shows the case where a general member of the household
newly enters the original sample household. This NSM existed in the wave 1 population, so the
sampling probability p2 of the h2 household can be known, so the sampling probability of the
wave t household H1 can be calculated as 𝑝𝑝(𝐻𝐻1 ) = 1 − (1 − 𝑝𝑝1 )(1 − 𝑝𝑝2 ). The second example (b)

shows the cases of household new members entering due to reasons such as birth, moving from
abroad, or moving from a facility to a general household. Since they are not included in the wave
1 population, the sampling probability of household H1 is the same as h1. In the case (c) of the
H2 household separated from the original household, if a new household member moves in and
was present in the initial population at wave 1, the sampling probability of H2 can be calculated
as 𝑝𝑝(𝐻𝐻2 ) = 1 − (1 − 𝑝𝑝1 )(1 − 𝑝𝑝2 ), but if there is no new household member, the sampling probability
is the same as that of h1. In the case (d) of the merger of the sample households, since they all

have the wave 1 sampling probabilities, it can be calculated as 𝑝𝑝(𝐻𝐻1 ) = 1 − (1 − 𝑝𝑝1 )(1 − 𝑝𝑝2 ). In this
way, various types of household changes can be handled.
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Figure 3: Weight calculation examples by the type of household change

4. Numerical results
Since the previously proposed method directly uses the household sampling probability,
it is of course possible to expect a higher estimation result compared to the existing methods that
approximate it. The 0-year-old and 0-1 year-old population were selected as parameters for
comparison. This target population group is a number that can be easily obtained from the
register-based census population, and refers to the portion that has increased by birth in the
population since the baseline in 2015. This change should be able to be captured only by
dynamics occurring within panel households. Assuming that the initial panel sample is
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representative, a population group of the corresponding age will be observed in the panel sample
due to birth, adoption, etc. and if they are weighted appropriately, their estimates will
approximate the parameters.
Table 5: Comparison of estimated results
Target age group
year

Shared weights method

Direct calculation

Population
(A)

Estimates
(B)

B/A
(%)

Estimates
(C)

C/A
(%)

2016

0 age

410,052

402,203

98.1

403,140

98.3

2017

0-1 age

771,317

648,560

84.1

765,758

99.3

The table 5 compares the results of estimating the 0-year-old and 0-1 year-old
populations, respectively, with the parameters using census data for 2016 and 2017. In the case
of the 0 age population in 2016, there is little difference between the sharing method and the
direct calculation method of sampling probability, but there is a very large difference in the 0-1
age population in 2017. The sharing method significantly underestimates the 0-1 age population,
but the direct calculation method approximates it very closely. Generally, there is a tendency for
frequent changes in household members between regions such as splits and moving due to
marriage at the time of birth. Considering that there is a large difference in the sampling rate by
region of the KPCLD, it shows that the estimation degree may be quite low in the case of a
shared method that does not reflect this difference.

18

5. Conclusions
As household panel data is an important source of micro-data for socio-economic
analysis such as household financial status, major advanced countries have operated household
panel surveys from early on. Korea has also conducted many household panel surveys, starting
with the KLIPS in 1998, and introduced the register-based census method using administrative
data in 2015, producing and providing the KPCLD based on census data annually on a trial basis.
In the existing traditional household panel survey, due to the characteristics of the panel followup rules, changes in household members continue to occur as the wave progresses. In particular,
there have been many discussions and studies on how to assign initial weights when non-sample
household members enter. So, to solve this problem, a shared weights method or a modeling
method has been applied. However, in the case of the KPCLD, the initial weight can be
calculated by linking the key information necessary for giving the initial weight using the
characteristics produced based on administrative data through the unique key of households and
individuals. That method was much better than the other method in terms of the precision of
estimation.
Although these results are due to the peculiarity that the KPCLD is produced based on
administrative data, the following implications can be drawn from the perspective of a general
household panel survey. First, it is possible to actively utilize the method of linking
administrative data to panel household list management. Many panel surveys are already using
tax data to verify or replace sensitive items such as income, assets, and liabilities. However, if
the past histories of new members of the sample households can be grasped through
administrative data linkage, the degree of estimation can be improved.
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The second relates to the simplification of the weighting scheme. In order to satisfy the
various analysis purposes of users, it is necessary to provide cross-sectional and longitudinal
weights for panel data by household and individual units. Moreover, in the case of longitudinal
data, weights must be provided according to the length of the wave, so the types of weights are
very complex and diverse. However, if the sampling probabilities of all households are
calculated by linking administrative data, the structure of the weighting scheme will be
simplified, no matter how many types of weights are to be provided.
In the future, when this population panel is expanded and additional items such as
educational attainment, economic activities, and marital status can be produced by using more
administrative data, the ideas presented in this paper will help to increase the usability of data.
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